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WITH THE ADVENT OF TRANSCATHETER MITRAL VALVE REPLACEMENT (TMVR) (1), the assessment of mitral
annular dimensions by computed tomography (CT) is of increasing relevance. The nonplanar, saddle-shaped,
3-dimensional structure of the mitral annulus has been well established (2) with the posterior peak formed by
the insertion of the posterior mitral valve leaﬂet, the anterior peak being in part continuous with the aortic
annulus, and the nadirs located at the level of the ﬁbrous trigones. The projected area of the saddle-shaped
annulus extends well into the left ventricular outﬂow track (LVOT), which would lead to LVOT obstructionFIGURE 1 Saddle-Shaped and D-Shaped Mitral Annulus: Deﬁnition and 3-Dimensional Structure
The saddle-shaped annulus includes the aortomitral continuity, whereas the D-shaped annulus is deﬁned as being limited anteriorly by the
trigone-to-trigone (TT) distance, excluding the aortomitral continuity. The different 3-dimensional conﬁgurations are illustrated by volume-
rendered blood pool inversion images in A, viewed from the left atrium and the annular segmentation in B. The trigones (red dots) form the
nadirs of the saddle-shaped annulus and deﬁne the TT-distance. The main driver of the concept of the D-shaped annulus is the inevitable
obstruction of the left ventricular outﬂow tract (LVOT) if a valve were to be implanted the size of the projected area of the saddle-shaped
annulus as illustrated in a 3-chamber view in C. AML ¼ anterior mitral leaﬂet; LC ¼ left coronary cusp; NC ¼ noncoronary cusp.
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FIGURE 2 Annulus Segmentation
After identiﬁcation of the left ventricular (LV) long
axis (A), the saddle-shaped mitral annulus is
manually segmented by placing 16 seeding points
along the insertion of the posterior mitral leaﬂet
and along the contour of the ﬁbrous continuity
while rotating the long-axis view by 22.5 in a
stepwise fashion (B) (3mensio Structural Heart
version 7.0, Pie Medical Imaging, Maastricht, the
Netherlands). The yellow line denotes the orienta-
tion of the left ventricular long axis. C depicts the
fully segmented saddle-shaped annulus in standard
views. The blue line on the short-axis view indicates
the orientation of the long-axis view, the red line
depicts the posterior aspect of the saddle-shaped
annulus, and the white line indicates the anterior
aspect of the saddle-shaped annulus.
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613if a valve was implanted with a size corresponding to this projected area. Although it is anatomically correct
and an important concept, we hypothesize that the saddle-shaped mitral annulus must be modiﬁed for device
sizing and selection in TMVR. We propose that the anterior horn must be excluded for sizing, thereby creating a
planar “D-shaped” annulus with its anterior border deﬁned by a virtual line connecting both trigones.
In the context of TMVR, the method presented here may aid in selection of a device size that has the lowest
possible risk of paravalvular leakage while not jeopardizing the integrity of the annulus or obstruction of the
LVOT. Furthermore, CT allows for detailed geometric evaluation of the landing zone, and in particular the
derivation of appropriate coaxial angles of deployment (Figures 1 to 7).FIGURE 3 Identiﬁcation of Trigones
After initial segmentation of the saddle-shaped
annulus, the ﬁbrous trigones (orange triangles
and red segmentation points) are identiﬁed
using the short- and long-axis view (A and B,
respectively) as the area where the mitral leaﬂet
insertion separates from the atrioventricular
junction to further follow the contour of the
ﬁbrous continuity. Importantly, the trigones
deﬁne the border between the anterior peak
(white line) and posterior circumference
(red line). The blue line in the short-axis view
indicates the orientation of the long-axis view.
FIGURE 4 Saddle-Shaped and D-Shaped Mitral Annular Geometry
Compared to the saddle-shaped annulus, the D-shaped annulus is a planar
structure with a smaller annular height, and also a smaller 3-dimensional
perimeter (3D-P), given the omission of the anterior peak. By means of the
least-squares plane method, the projected area, projected 2-dimensional
perimeter, and speciﬁc distances can be assessed. Whereas the projected
area, projected perimeter, and the septal-to-lateral (SL) distance are
reduced for the D-shaped annulus, the trigone-to-trigone (TT) distance
remains unchanged. Images are based on an individual computed tomog-
raphy (CT) dataset of a patient with functional mitral regurgitation.
FIGURE 5 Saddle-Shaped and D-Shaped Mitral Annulus:
Patient Example
Direct comparison of annular measurements using the saddle-
shaped and D-shaped approaches in a 67-year-old male patient
with severe left ventricular dilation and functional mitral regur-
gitation. Short-axis images (left column) centered through the
geometrical axis of the annulus. Three-chamber view (right col-
umn). Note the signiﬁcantly smaller annular area, perimeter, and
SL distance with the D-shaped annulus. The red lines represent
the posterior aspect of the mitral annulus; the curved white line
represents the anterior aspect of the saddle-shaped mitral
annulus; the yellow lines illustrate the TT-distances; the dashed
red lines illustrate the SL-distances; the straight white lines
represent the annular axis; the blue lines in the short-axis views
indicate the orientation of the long-axis view, the blue lines in the
long-axis views indicate the level of the short-axis views.
Abbreviations as in Figure 4.
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FIGURE 6 Post-TMVR Imaging
Computed tomography post-deployment of a Tiara device (Neovasc Inc., Richmond, British Columbia, Canada). The D-shaped cross-sectional conﬁguration can be
appreciated on the short-axis projection (A), whereas preservation of the LVOT is discernible on the 3-chamber view (B) and vertical long-axis projection (C). The asterisk
denotes the aortic root. LVOT ¼ left ventricular outﬂow tract; TMVR ¼ transcatheter mitral valve replacement.
FIGURE 7 Orthogonal Fluoroscopy Projections
The D-shaped mitral annulus is most commonly oriented in a cranial and
anterior position with a signiﬁcant degree of angulation to the right. As
with any disc-shaped object in a 3D space, there are numerous
orthogonal projections of the annular plane that follow a line of
perpendicularity as plotted in the graph: Any point in the RAO to LAO
spectrum can be utilized as long as the correct degree of caudal or
cranial angulations is matched. Speciﬁc projections, for example, parallel
to the TT line (perpendicular to the SL distance) referred to as TT view,
or through the SL line (perpendicular to TT) referred to as SL view, may
be desired. Projection angles are limited by physical restraints of the
C-arm and require suitable access to conduct the procedure. Although
required angulations to achieve the SL view are in the range of practical
C-arm working angles for this patient, the required angulations to
achieve the TT view are not. CRA ¼ cranial; LAO ¼ left anterior oblique;
RAO ¼ right anterior oblique; other abbreviations in Figure 4.
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 8 , N O . 5 , 2 0 1 5 Blanke et al.
M A Y 2 0 1 5 : 6 1 2 – 5 CT for TMVR
615REPRINT REQUESTS AND CORRESPONDENCE: Dr. Jonathon Leipsic, Department of Radiology, University of
British Columbia, Centre for Heart Valve Innovation–St. Paul’s Hospital, 1081 Burrard Street, Vancouver V6Z
1Y6, British Columbia, Canada. E-mail: jleipsic@providencehealth.bc.ca.
R EF E RENCE S1. Cheung A, Webb J, Verheye S, et al. Short-term
results of transapical transcatheter mitral valve
implantation for mitral regurgitation. J Am Coll
Cardiol 2014;64:1814–9.2. Levine RA, Handschumacher MD, Sanﬁlippo AJ,
et al. Three-dimensional echocardiographic recon-
struction of the mitral valve, with implications for
the diagnosis of mitral valve prolapse. Circulation
1989;80:589–98.KEY WORDS mitral regurgitation, TMVI,
TMVR, transcatheter mitral valve
implantation, transcatheter mitral
valve replacement
